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DESCRIPTION 



INVERTER DEVICE 



5 TECHNICAL FIELD 

[0001] The present invention relates to an inverter device . More^-more specifically , the 
present invention relates to an inverter device including a circuit for preventing 
compr e ssion d e struction and malfunction of a high -withstand-voltage compression 
int e grat e d circuit ( IC) that performs drive control on a switching element of an inverter 
1 0 circuit provid e d with a switching element for driving load . 

BACKGROUND ART 

[0002] In a typical conv e ntional inverter device, a switching element is used to drive a s 
a count e rm e asur e for a load. Moreover, a high-withstand-voltage IC is used to drive 

15 control the switching of the switching element. A negative surge , however, is generated 
when the switching element performs switching. The negative surge -that is generated 
due to a variation in an amount of chang e of current (di/dt) per unit time (di/dt) and 
inductance of the wiring . Patent Document 1 discloses wh e n a switching e lem e nt that 
driv e s load switch e s, a technology for suppressing the generation of the negative surge. 

2 0 Specifically, Patent Document 1 teaches to connect conn e cting a clamp diode between a 
low - voltage pr e ssur e side reference terminal and a high -voltage pressur e sid e reference 
terminal of the high-withstand-voltage IC. 

[0003] A negative voltage generated due to a small inductance resulting from a chip 
pattern, wiring, and the like, is the prime cause of the breakdown of the high-withstand- 

2 5 voltage IC. In the technology disclosed in Patent Document 1, the negative voltage is 

clamped by using the clamp diode to prevent the breakdown of the high-withstand- 
voltage IC. 

[0004] On the other hand. Patent Document 2 teaches to provide a voltage divider 
circuit (resistance element) in series with the clamp diode in the configuration disclosed 

3 0 in Patent Document 1 . 

[00051 Not all the negative voltage, however, can be suppressed with the clamp diode. 
a high compr e ssion IC that performs drive control of th e switching e l e m e nt is disclos e d 
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(r e f e r to Pat e nt Docum e nt 1). 

[0003] The t e chnology disclos e d in Pat e nt Docum e nt 1 pr e v e nts d e struction of th e high 
compression IC by clamping, with th e clamp diod e , a negativ e voltage that occurs du e 
to a slight inductanc e such as a chip patt e rn or wiring that caus e s d e struction of th e high 
5 compression IC. 

[0001] In addition to th e clamp diod e disclo se d in Pat e nt Docum e nt 1, an e xampl e of a 
configuration of an invert e r d e vic e provid e d with a voltag e dividing circuit (r e sistanc e 
element) conn e cted in s e ri e s with th e clamp diod e is di s clos e d (r e f e r to Pat e nt 
Document 2). 

1 0 [0005] In the technology disclosed in Patent Document 2, n e gativ e voltage appli e d to 
the high compr e ssion IC is r e duced by dividing the negative voltage, which cannot be 
suppressed with only by the clamp diode, is divided by usingw ith the clamp diode and 
the resistance element of the voltage divide r dividing circuit to reduce the level of the 
negative voltage applied to the high-withstand-voltage IC.t 

15 [0006] [Patent Document 1] Japanese Patent Application Laid -open- Qpen No. H10- 
42575 

[Patent Document 2] Japanese Patent No, 3577478 

DISCLOSURE OF INVENTION 
PROBLEM TO BE SOLVED BY THE INVENTION 

[0007] However, in the conv e ntional technology disclosed in Patent Document 1 , there 
is a possibility that the circulating current flows through the clamp diode itself. As a 
result, aftd-a diode conn e ct e d back to back to th e switching e l e ment of a larger current 
rating (a diode of substantially the same rating as the reverse- low e r arm (diode for 
flowing circulating current) ar e connected in parallel connected diode) needs to be used. 
This is disadvantageous, because diodes of larger current rating are relatively costlier 
and bigger. , and th e r e for e , th e re is a po s sibility that the circulating curr e nt will flow in 
th e clamp diod e its e lf. Accordingly, a diod e of a larg e current rating n ee ds to be 
employ e d (a diod e of a substantially sam e rating as th e back to back conn e ct e d diode), 
3 0 which dir e ctly l e ads to increas e s in cost and siz e . 

[0008] On the other hand, in the conv e ntional technology disclosed in Patent Document 
2, there is a possibility that a circulating current flows through will flow into both the 
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clamp diode and the voltage divider dividing circuit. As Accordingly, similarly to th e 
conventional technology disclos e d in Patent Docum e nt 1 , both a result, diod e of a larger 
current rating diod e and a larger current rating resistance element need to be used. This 
is disadvantageous, because diodes of larger current rating are relatively 
5 costlier omployod, and bigger. Moreover, larger current rating resistance elements are 
relatively costlyie r ther e fore, th e disadvantag e of increas e s in cost and bigger. siz e cannot 
bo avoided. 

[0009] A typical high - withstand- voltage compr e ssion IC includes , for example, an input 
buffer, an a metal oxid e ( MPS} transistor, a resistor, a driver circuit, and the like. 

1 0 Therefore, i f so forth. Thus, when a negative voltage described as above is generated, 
sometimes a through current flows through parasitic capacitance capacity of the MOS 
transistor into the high - withstand- voltage compression IC thereby generating a . A latch 
up phenomenon called as latch-up. The latch-up phenomenon is a phenomenon^ in 
which the driver circuit ofin the high -withstand- voltage compression IC outputs an 

1 5 erroneous signal due to the presence o f , is caused by the through current. The 
conventional technologies disclosed in Patent Documents 1 and 2 have been are 
insufficient for suppressing solving the generation problem of the latch-up phenomenon^ 
[0010] It is Th e pr e s e nt invention has boon mad e in view of the above, and an object of 
the present invention is-to provide a technology an inv e rt e r d e vic e that can prevent 

2 0 breakdown dcstruction and malfunction (latch— up phenomenon ) of a high -withstand- 
voltage compr e ssion IC in for controlling an inverter device without much increasing 
the circuit, and providing circuit t e chnology that can suppr e ss incr e as e s in circuit scale 
orand cost. 

2 5 MEANS FOR SOLVING PROBLEM 

[001 1] To solve the above problems and to achieve the above objects, an inverter device 
according to an aspect of the present invention includes an inverter circuit that includes 
a jncluding a bridge circuit connected between a positive electrode and a negative 
electrode of a direct-current power supply, the bridge circuit including an upper arm 

3 0 unit including an upper-arm switching element and an upper arm diode and a low e r arm 

unconnected in reverse-parallel s e ri e s, wh e r e in th e upp e r arm unit includes a uppor 
arm switching e l e ment and a diod e conn e ct e d back to back to each others and a lower 
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arm unit including a fee-lower arm unit includ e s a low e r arm switching element and a 
lower arm diode connected in reverse-parallel back to back to each other , the lower arm 
unit being series connected with the upper arm unit ; an inverter driving unit including a 
high - withstand- voltage compression IC that drives switching elements in the upper arm 
5 unit the upp e r arm switching e lem e nt and the lower arm switching element; and a clamp 
unit that clamps a diff e r e nc e in pot e ntial b e tw ee n a low e r -arm unit, the high-withstand- 
voltage IC having a first terminal for supplying a driving reference voltage to the 
switching element in the lower arm unit and a second terminal for supplying a supply 
terminal of th e high compression IC and an upp e r arm driving high- voltage to the 
10 switching element in the the upper arm unit; and a clamp unit that clamps a potential 

difference between the first terminal and the second terminaL pr e ssur e sid e pow e r supply 
t e rminal of th e high compr e ssion IC. 

[0012] According to the present invention, the clamp unit clamps a potential above 
asp e ct, a clamping m e ans for clamping a difference in pot e ntial between the first a low e r 

1 5 arm driving r e f e r e nce supply terminal of a high compr e ssion IC and the second terminal 
of the high-withstand-voltage IC. In other words, the clamp unit clamps the an upp e r 
arm driving high pr e ssure side power supply terminal of the high compression IC 
clamps a negative voltage that causes voltage breakdown of the high-withstand- 
voltage compr e ssion d e struction in th e high compr e ssion IC due to wiring inductance 

2 0 and circulating current, whereby the and r e duc e s through current that is to flow into the 
high-withstand-voltage IC is reduced flowing insid e the high compr e ssion IC . 

EFFECT OF THE INVENTION 

[0013] According to thean inverter device of the present invention, the arclamping unit 

2 5 clamps the potential means for clamping a difference in pot e ntial between the a lower 

arm drivi ng reference power- supply terminal of the a hi gh -withstand-voltage 
compr e ssion IC and the an upp e r arm driving high- voltage p r e ssur e sid e power-supply 
terminal of the high -withstand-voltage compr e ssion IC . In other words, the clamp unit 
clamps a negative voltage that causes the voltage breakdown o f compr e ssion d e struction 

3 0 in the high -withstand-voltage compr es sion IC, whereby and pr e v e nts a large portion of 

the through current is prevented from flowing intoinside the high -withstand-voltage 
compression IC. Therefore, the inverter device can prevent occurrence of 
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breakdown d e struction and malfunction (latch-up phenomenon ) of the high -withstand- 
voltage compression IC can b e pr e vent e d , and suppresses increases in circuit scale and 
cost can be suppr e ss e d . 

5 BRIEF DESCRIPTION OF DRAWINGS 

[0014] Fig. 1 is a schematic diagram for explaining an inverter device (single-phase 
inverter configuration) according to a first embodiment of the present invention. 

Fig. 2 is a schematic diagram for explaining d e scribing malfunction of a high z 
withstand-voltage compression IC in an inverter device that does not include a in which 
1 0 a-clamp diode, is not conn e ct e d. 

Fig. 3 is a schematic diagram for illustrating d e scribing a state in which a 
through current flowing toward a hi gh - withstand- voltage compression IC is drawn to a 
sid e of a clamp diode in the inverter device according to the first embodiment. 

Fig. 4 is a schematic diagram for explaining an inverter device (three-phase 
15 inverter configuration: individual ind e pend e nt power supply) according to a second 
embodiment of the present invention. 

Fig. 5 is a schematic diagram for explaining an inverter device (three-phase 
inverter configuration: common power supply) according to a third embodiment of the 
present invention. 

20 

EXPLANATIONS OF SYMBOLS LETTERS OR NUMERALS 
[0015] 

2, 2a inverter driving unit 

3, 3a inverter circuit 

2 5 4, 4a, 4b, 4c upper arm unit 

5, 5a, 5b, 5c lower arm unit 

6, 6a bridge circuit 

7 DC power supply 

8 load 

3 0 10,1 Oahigh -withstand-voltage compr e ssion IC 

1 2 driver circuit 
14 input buffer 
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NMOS transistor 



para s itic diod e 
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resistor 
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CI, C2 5 C3, C5 decoupling capacito r cond e n se r 

D 1 , D3 , D5 upper-arm diode 
D2, D4, D6 lower—arm diode 

D10, Dl 1, D12, D13, D21, D22, D23 clamp diode 

D 1 7 parasitic diode 

Rl, R2, R3, R4, R5, R6 gate resistor 

Tl, T3, T5 upper--arm switching element 

T2, T4, T6 lower--arm switching element 



BEST MODE(S) FOR CARRYING OUT THE INVENTION 



[00 1 6] Exemplary embodiments of an inv e rt e r d e v ice according to the present invention 
15 will be described below in detail with reference to the accompanying drawings. The 

present invention is not limited to the these-embodiments. 

[0017]_First Embodiment 

Fig. 1 is a schematic diagram for explaining an inverter device according to a 

first embodiment of the present invention. The inverter device is e mploys a 
2 0 configuration of a typical single-phase inverter device . In other words, a high- 

withstand-voltage IC 1 0 of , in which an inverter driving unit 2 including a high 

compression IC 1 0 drives both a switching element Tl in an upper arm and a switching 

element T2 in a lower arm of an inverter circuit 3. 

[0018] _ The inverter circuit 3 includes a bridge circuit 6 and a DC power supply 7. The 

2 5 bridge circuit 6 includes a series connected device according to the first embodiment is 

described with reference to Fig. 1 . 

[001 8 ] In th e invert e r circuit 3 shown in Fig. 1, an upper arm unit 4 and lower arm unit 
5. The including th e switching e l e m e nt ( upper arm unit 4 includes the switching 
element (hereinafter, "upper-arm switching element") Tl of in-the upper arm and a 

3 0 diode (hereinafter, "upper upp e r arm diode") Dl connected in reverse-parallel back - to - 

back to each othe r. The , and a low e r arm unit 5 including the switching e l e m e nt ( lower 
arm unit 5 includes the switching element (hereinafter, "lower-arm switching element") 
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T2 ofm the lower arm and a diode ( hereinafter, "lower- lower-arm diode") D2 connected 
in reverse-parallel back to back to each other . In the , are connected in scries in a bridge 
circuit 6 , the T -A-positive electrode of a DC pow e r supply 7 of the bridg e circuit 6 is 
conn e cted to a corr e ctor of the DC power supply 7 is connected to the collector of the 
5 upper-arm switching element Tl, and the a-negative electrode of the DC power supply 
7 is connected to the aa-emitter of the lowe r-arm switching element T2. 
[0019] The hi gh-withstand- voltage IC 10 drives the upper-arm switching element Tl 
and the lower— arm switching element T2. The high-withstand-voltage IC 10 has 
various Thus, th e inv e rt e r circuit 3 shown in Fig. 1 has a configuration of a single - phas e 
10 inv e rter circuit. 

[0019] Th e high compr e ssion IC 10 of th e inv e rter driving unit 2 shown in Fig. 1 driv e s 
th e upp e r arm switching e lement Tl and th e low e r arm switching e l e m e nt T2 in th e 
inv e rt e r circuit 3. Th e high compression IC 10 includ e s input/output terminals 
described below. Specifically, the high-withstand-voltage IC 10 has a terminal 

1 5 terminals are a VDD that is a high- voltage p r e ssur e side power-supply terminal for 
controlling the high -withstand-voltage compr e ssion IC 10, a terminal COM that is a 
reference power- supply terminal also for controlling the high -withstand-voltage 
compr e ssion IC 1 0, an upper— arm control-signal input terminal HIN to which a control 
signal for controlling the upper arm unit 4 is input, a lower— arm control— signal input 

2 0 terminal LIN to which a control signal for controlling the lower arm unit 5 is input, an 
upper—arm-driving high- voltage p ressure side power-supply terminal VB connected to 
a high - voltage pr e ssur e sid e of a driving power-supply that drives the upper arm unit 4, 
an upper— arm z -driving reference power- supply terminal VS that is a reference terminal 
of the driving power supply that drives the upper arm unit 4, an upper— arm switching- 

2 5 element driving-signal output terminal HO from which a driving signal for driving the 

upper arm unit 4 is output, a lower— arm-driving high- voltage p r e ssur e sid e power- 
supply terminal VCC that is connected to a high- voltage p r e ssure side of a driving 
power— supply that drives the lower arm unit 5, a lower— arm--driving reference power- 
supply terminal COM that is a reference terminal of the driving power supply that 

3 0 drives the lower arm unit 5, and a lower-arm switching-element driving-signal output 

terminal LO from which a driving signal for driving the lower arm unit 5 is output. 
[0020] A decoupling capacitor cond e ns e r CI is connected between the upper— arm z 
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driving high- voltage power-supply terminal VB and the upper- arm- driving reference 
power- high pr e ssur e side pow e r supply t e rminal VB and the upper arm driving 
reference supply terminal VS. Moreover, a A-decoupling capacitor cond e ns e r C2 is 
connected between the lower--arm r -driving high- voltage p r e ssur e side power-supply 
5 terminal VCC and the lower-arnv-driving reference power- supply terminal COM. 
[0021] The ln betw ee n th e inv e rt e r circuit 3 and th e high compr e ssion IC 10, a gat e 
r e sistor Rl that controls gate curr e nt conn e cts th e upper—arm switchings-element 
driving— signal output terminal HO and a gate of the upper— arm switching element Tl 
are connected through a gate resistor Rl for controlling the gate current, and ther -The 

1 0 upper— arm z -driving reference power- supply terminal VS and an emitter of the upper z 
arm switching element Tl are connected directly, conn e cted. Similarly, a gat e r e sistor 
R2 connects the lower— arm switching—element driving— signal output terminal LO and a 
gate of the lower— arm switching element T2 are connected through a gate resistor R2, 
and the . Th e lower-arm^-driving reference power- supply terminal COM and the emitter 

15 of the lower— arm switching element T2 are connected directly, conn e ct e d. 

[0022] In the inverter device shown in Fig. 1 , wiring inductance is minimized as much 
as possible by taking measures such as , for e xampl e , connecting the upper— arm 
switching element Tl and the lower— arm switching element T2 with a plurality of wires 
(wire bundlebuneh), directly connecting these switching elements and the output 

2 0 terminals by bonding pads without using-wires, and providing a collector separating a 
corr e ctor and an emitter of each switching element separately onto the a -front surface 
and the a-back surface of a substrate. A combined composit e inductance LI 1 illustrated 
shewn-between the emitter of the lower-arm switching element T2 of the inverter 
circuit 3 and the lower-arm^-driving reference power- supply terminal COM of the high^ 

2 5 withstand-voltage compr e ssion IC 10 indicates the combined composite inductance in a 

circuit part including the lower— arm diode D2 through which circulating current flows. 
The combined compo sit e inductance LI 1 canbeis suppressed to a value between about 
several b e tw ee n a f e w nH (nano Henri) to about several few dozens of nH by taking the 
aforementioned measures. 

3 0 [0023] The circulating current flows only for a short period of time, that is, the variation 

in and an amount of chang e of current (di/dt) per unit time (di/dt) is large . Therefore ^ 
and th e r e fore , even if the combined composite inductance of the circuit part where 
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circulating current flows is made small, an induced voltage of about several volts is a 
few voltages of some inductiv e voltag e s ar e generated anyway in that part.T The 
polarity of the induced inductiv e voltage becomes *s-arnegative in which, with respect to 
the voltag e . Sp e cifically, wh e n th e potential of the lower-arm z -driving reference 
5 power- supply terminal COM as a i s-the-reference, the potential of the upper-arm- 
driving reference power- supply terminal VS becomes i s-negative. The voltage 
breakdown of the high-withstand-voltage IC occurs due to this negative 
voltage. Accordingly, compr e ssion d e struction occurs in th e high compr e ssion IC. 
Moreover, this the-negative voltage causes the latch -up phenomenon, that is, the 
1 0 phenomenon in which up, i.e., the driver circuit of the high -withstand-voltage 
compr e ssion IC 10 outputs an erroneous signal. 

[0024] In theT he inverter device according to the first embodiment ^ shown in Fig. 1 
includ e s a clamp diode D10 is provided as a clamping means . Specifically, 4or 
clamping a diff e r e nc e in potential b e tw ee n the lower arm driving r e f e r e nc e supply 
15 terminal COM and the upper arm driving high pr e ssure side power supply t e rminal VB 
to a predet e rmin e d voltag e . An anode of the clamp diode D10 is connected to the 
lower—arm-driving reference power- supply terminal COM ? and the a-cathode of the 
clamp diod e D10 is connected to the upper-arm -driving high- voltage power-supply 
terminal VB. This clamp diode DIP clamps a potential difference between the lower- 

2 0 arm-driving reference power-supply terminal COM and the upper-arm— driving high- 

voltage p r e ssur e sid e power— supply terminal VB. The position at which the clamp 
diode D10 according to the present invention is connected is conn e ct e d in th e is 
different from the positions of the clamp diodes disclosed in above-mentioned Patent 
Documents 1 and 7 2. , th e r e ason of which will be described below. 
25 [0025] The reason why the clamp diode D10 is connected between the lower—arm- 
driving reference power- supply terminal COM and the upper— arm^-driving high- 
voltage p r e ssur e sid e power-supply terminal VB as shown in Fig. 1 , is described with 
reference to Figs. 2 and 3. Fig. 2 is a diagram sch e matic for explaining why d e scribing 
malfunction of a high -withstand-voltage compr e ssion IC occurs in an inverter device 

3 0 that does not include in which a clamping means, clamp diod e is not connect e d, and Fig. 

3 is a diagram illustrating sch e matic for d e scribing a state in which through current that 
is to flow into flowing toward a high -withstand-voltage compr e ssion IC is made to flow 
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into drawn to a sid e of the clamp diode in the inverter device according to the first 
embodiment. 

[0026] In Fig. 2, the internal structure of the high-withstand-voltage IC 10 represented 
in Fig. 1 is illustrated in more detail. The high-withstand-voltage Fig. 2 i s a d e tailed 
5 sch e matic of an insid e of th e high compr e ssion IC 10 shown in Fig. 1. In Fig. 2, the 

high compression IC 10 includes an input buffer 14, an N chann e l m e tal oxid e (N MOS) 
transistor 16, a parasitic diode 17, a resistor 20, and a driver circuit 12. The An-input 
terminal of the input buffer 14 is connected to the upper—arm control—signal input 
terminal HIN, and the an-output terminal is connected to the of th e input buff e r 1 1 is 

10 conn e ct e d to a gate of the NMOS transistor 16. The parasitic diode 17 is connected to 

the NMOS transistor 16 in parallel. The collector A corr e ctor of the NMOS transistor 16 
is connected to the a n-input terminal of the driver circuit 12 . Moreover, the collector of 
the NMOS transistor 1 6 is also ^-and connected to the upper—arm^-driving high- 
voltage p ressur e sid e power—supply terminal VB via through the resistor 20 whose one 

15 end tha^is connected to the input terminal of the driver circuit 12. 

[0027] TheA mechanism by which of a malfunction of the high -withstand-voltage 
compression IC 10 causes malfunction is described . When n e xt. In Fig. 2, when the 
upper—arm switching element Tl is turned on, a main circuit current 1 1 , as shown with a 
dashed indicated by a wavy line,, flows in a load 8 that has an inductance component. 

2 0 Subsequently, whenW hen the upper— arm switching element Tl is turned off, the 
current that was flowing through m -the load 8 starts flowing into flows through the 
lower— arm diode D2 as a circulating current 12 . The circulating current 12 has a steep 
gradient having an acut e inclination and into th e load 8 . As described above, because 
parts o f compon e nts in the inverter circuit 3 are connected by patterns or and-wires, 

2 5 although very small, inductance components exist in these parts. and a slight inductor 

compon e nt is pr e s e nt b e tw e en th e compon e nts. Among these inductance components, a 
position of an inductance component in the region where the circulating current 12 flows 
is denoted by the combined inductance LI 1 in the figure. An induced . Assuming that 
an inductive voltage VL that is generated in the combined inductance component LI 1 

3 0 due to flow ofw heft the circulating current 12 12 flows through, th e inductive voltage VL 

can be expressed by the following Equation (1). e quality. 
[0028] 
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VL=Lllx(di/dt) (1) 
[0029] The lowerA s the impedance of the load 8 is, the steeper the gradient d e cr e as e s, 
inclination of the circulating a current 12 (that is, larger the ration di/dt in Equation 
(lY) flow becomes . In other words, the lower the impedance of the load 8 is, the higher 
5 the induced mor e acut e (sp e cifically, di/dt in th e e quality (1) incr e as e s), so that th e 
inductiv e voltage VL is. incr e as e s. 

[0030] Furthermore, an on voltage VF is generated acrossk* the lower-arm diode D2 
when the circulating current 12 flows. As Thus, a result, a potential difference expressed 
by the following Equation (2) in pot e ntial occurs between the emitter of the upper—arm 
10 switching element Tl and the emitter of the lower-arm switching element T2 iT -as 
e xpr e ssed by th e following e quality: 
[0031] 

AV=VL+VF (2) 
[0032] The emitter of the upper—arm switching element Tl and the emitter of the lower- 

15 arm switching element T2 are connected to the upper— arm^-driving reference power- 

supply terminal VS and the lower— arm^-driving reference power- supply terminal COM 
of th e high compr e ssion IC 10 , respectively. Therefore, a voltage AV expressed by 
Equation th e e quality (2) is applied across b e tw ee n these terminals. 
[00331 When the voltage AV is applied across the upper-arm-driving reference power- 

2 0 supply terminal VS and the lower-arm-driving reference power-supply terminal COM 
of the high-withstand- voltage IC 10, a through current 13 flows from the parasitic diode 
17 through the resistor 20. This through current 13 is the main cause of the latch-up 
phenomenon in which the driver circuit 12 outputs an erroneous signal. 
[0033] The high compr e ssion IC 10 includ e s the input buffer 11, the NMOS transistor 

2 5 16, th e parasitic diod e 17, th e r e sistor 20, and the driv e r circuit 12, and th e r e for e , wh e n 

AVI is appli e d, a through curr e nt 13 flows from the parasitic diod e 17 through th e 
r e sistor 20. Th e through curr e nt 13 mainly caus e s th e driv e r circuit 12 to output an 
erron e ous signal, call e d th e latch up ph e nom e non. 

[0034] IntheThe inverter device according to the first embodiment , however, as shown 

3 0 in Fig. 3, includ e s the clamp diode D10 is provided between the lower— arm--driving 

reference power- supply terminal COM and the upper— arm z -driving high- 
voltage p ressur e sid e power-supply terminal VB . Because of this clamp diode DlO^ -md 
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th e refor e, the through current 13 , which would flow through the high-withstand- voltage 
flowing insid e the high compr e ssion IC 1 0 in the circuit configuration 
representeds hewft in Fig. 2, is made to flow into the clamp diode DIP. A portion of the 
through current 13 may flow through the high- withstand- voltage IC 10. However, a 
5 substantially large portion of the through current 13 is drawn to the clamp diode DIP. 
The reason is that, the impedance of the 2 can b e drawn to the clamp diod e DIP sid e as 
shown in Fig. 3. Part of th e through curr e nt might flow in th e high compr e ssion IC 10, 
how e v e r, an imp e danc e in th e clamp diode DIP connected between the same terminals, 
i.e., the terminals COM and VB, t e rminal is smaller than an impedance of the i n-a-series 

10 circuit configured with ef-a parasitic diode D17 and the resistor 2P through which the 
through current 13 flows in . Th e r e for e , a large portion of th e through curr e nt 13 can b e 
drawn to th e clamp diod e DIP sid e , so that th e through curr e nt 13 that flows insid e the 
high -withstand-voltage IC IP. Accordingly, the through current 13 that flows through 
the high-withstand-voltage compr e ssion IC IP can be reduced substantially , and 

1 5 malfunction of the high-withstand-voltage IC IP caused due to the b y-latch— up 
phenomenon can be prevented from occurring.T 

[PP35] In the inverter devices device d isclosed in Patent Documents 1 and 2, on the 
other hand, the p at e nt docum e nts 1, 2, on e t e rminal ( cathode} of the clamp diode is 
connected to the upper-arnv-driving reference power- supply terminal VS. 
2 0 ThereforeT hus, the effect of drawing conventional clamp diode cannot draw the through 
current in the configuration disclosed in Patent Documents 1 and 2 is smaller than that 
in the case o f as much as the clamp diode DIP of the first embodiment. 
[PP36] In the The-inverter device according to the first embodiment, the cathode of the 
clamp diode DIP is connected to the upper z -arm z -driving high- voltage p r e ssur e sid e 

2 5 power— supply terminal VB (for example^-+l 5 V terminal) of the high -withstand-voltage 

IC IP. Therefore, compr e ssion IC IP, and therefore, the current flowing through the 
clamp diode DIP can be reduced compared to the current flowing through the clamp 
diode , for example, disclosed in Patent Documents 1 and? 2. Hence Thoroforc , a diode 
of a smaller current rating compared to the clamp diode disclosed in Patent Documents 

3 0 1 and 2 can be selected for the clamp diode DIP. , 2 can b e e mploy e d in th e first 

embodim e nt. 

[PP37] As described above, in the inverter device according to the first embodiment, the 



13 



clamp diode DIP is provided conn e ct e d between the lower~arm z -driving reference 
power- supply terminal COM of th e high compr e ssion IC and the upper-arm^driving 
high- voltage p r e ssure sid e power-supply terminal VB of the hi gh -withstand-voltage 
compr e ssion IC 10. The clamp diode DIP clamps a potential difference in potential 
5 between the lower z -arm--driving reference power- supply terminal COM and the upper z 
arm^-driving high- voltage p r e s s ur e sid e power—supply terminal VB. As a result, 
breakdown . Th e r e for e , d e struction and malfunction of the high -withstand-voltage 
compr e ssion IC 10 can be i s-prevented without increasing the , and incr e as e s in circuit 
scale or aad-cost. is suppr e ss e d. 

10 [PP38] In the first embodiment, the clamp diode DIP is shown is attach e d on th e outside 
of the high -withstand-voltage compression IC ; however, ^but the clamp diode DIP can 
be provided attach e d on th e inside of the high -withstand-voltage compr e ssion IC. 
However, it is advantageous to providea ttaeh the clamp diode on th e outside of the 
high -withstand-voltage compr e ssion IC^ because , in that case it is not necessary to 

1 5 change the design of the high -withstand-voltage compr e ssion IC, i.e., the first 

embodiment and the pr e s e nt invention can be applied to an inverter device employing 
an existing high -withstand-voltage compr e ssion IC. 

[PP39] Furthermore, in the first embodiment, a diode is used as the clamping means^nfer 
clamping a diff e r e nc e in pot e ntial b e twe e n th e low e r arm driving r e f e r e nc e supply 
2 0 t e rminal and th e upp e r arm driving high - pr ess ur e s id e pow e r supply t e rminal, however, 
the clamping means is not limited to athe diode. Any element that turns on at a voltage 
higher than a certain value and that can output an approximately voltage and outputs a 
substantially constant voltage can be used , such as the clamping means. As the 
clamping means, for example, a PN junction of a Zener zener diode or a PN junction of a 

2 5 bipolar transisto r can be used.T 

[PP4P]_Second Embodiment 

Fig. 4 is a schematic for explaining an inverter device according to a second 
embodiment of the present invention. The inverter device according to the first 
embodiment is includ e d a single-phase inverter circuit, whereas the inverter device 

3 0 according to the second embodiment is jnclud e s a three-phase inverter circuit. In other 

words, the The inverter device of the second embodiment includes shown in Fig. 4 
e mploys a configuration of a typical three pairs of switching elements. Specifically, 
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the- phase inverter device of the second embodiment includes ; in which an inverter 
driving unit 2a and an inverter circuit 3a. The inverter circuit 3a includes three upper- 
arm including a high compr e ssion IC 10a driv e s upp e r arm -switching elements Tl, T3, 
T5 and three lower— arm switching elements T2, T4, T6 . The driving unit 2a, which 
5 includes a high- withstand- voltage IC 10a, drives the six switching elements of the a n 
inverter circuit 3a. The structural elements Th e inv e rt e r d e vic e according to th e s e cond 
e mbodim e nt is d e scrib e d with ref e r e nc e to Fig. 4 . Th e compon e nts in the second 
embodiment that are p e rform same or equivalent to similar function or that have sam e or 
similar configuration as those in the first embodiment will be are-denoted by the same 
10 reference numerals as in the first embodiment, and overlapping descriptions are 
simplified or omitted. 

[0041] The inverter circuit 3a shown in Fig. 4 includes a bridge circuit 6a and the DC 
power supply 7. The bridge circuit 6a includes three upper arm units 4a, 4b, 4c, and 
three lower arm units 5a, 5b, 5a. The 

15 an-upper arm unit 4a includes including the upper— arm switching element Tl and the 
upper-arm diode Dl connected in reverse-parallel back to back to each other . The r^t 
upper arm unit 4b includes including the upper— arm switching element T3 and an upper z 
arm diode D3 connected in reverse-parallel back to back to each other . The ^-an upper 
arm unit 4c includes including the upper— arm switching element T5 and an upper— arm 

2 0 diode D5 connected in reverse-parallel back to back to each other . The^ a lower arm 

unit 5a includes including the lower— arm switching element T2 and a lower— arm diode 
D2 connected in reverse-parallel back to back to each other . The ^-a lower arm unit 5b 
includes including the lower— arm switching element T4 and a lower— arm diode D4 
connected in reverse-parallel back to back to each othe r. The , and a lower arm unit 5c 

2 5 includes including the lower— arm switching element T6 and a lower-arm diode D6 

connected in reverse-parallel back to back to each other. A bridge circuit 6a is 
configured by series connecting the upper arm unit 4a to the lower arm unit 5a, the 
upper arm unit 4b to the lower arm unit 5b, and the upper arm unit 4c to the lower arm 
unit 5c. The Each of th e back to back conn e ction circuits, th e upp e r arm units 4a, 4b, 

3 0 4 c, ar e conn e ct e d in s e ri e s to e ach of th e back to back conn e ction circuits, th e low e r 

a mi units 5a, r e sp e ctiv e ly, in a bridg e circuit 6a. In th e bridg e circuit 6a, th e positive 
electrode of the DC power supply 7 is connected to the collectors cach corrector of the 
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uppers-arm switching elements Tl, T3, T5, and the negative electrode of the DC power 
supply 7 is connected to the emitters e ach e mitt e r of the lower--arm switching elements 
T2, T4, T6. Thus, the inv e rt e r circuit 3a shown in Fig. 4 has a configuration of a thr e e 
phase invert e r circuit. 

5 [0042] The high -withstand- voltage compression IC 10a in th e inv e rt e r driving unit 2a 
shown in Fig. A drives the upper z -arm switching elements Tl, T3, T5 A and the lowers 
arm switching elements T2, T4, T6^ in th e invert e r circuit 3 a. The high -withstand- 
voltage compression IC 10a has various includes input/output terminals described 
below. Specifically, the t e rminals ar e th e high- withstand- voltage IC 10a has the 

1 0 terminal VDD that is a high-voltage pr e ssur e sid e power—supply terminal; for control 
VDD, the terminal COM that is a reference power- supply terminal ; for control COM, 
the upper-arm control-signal input terminal HIN; 7 the lower-arm control-signal input 
terminal LIN, upper--arm--driving high- voltage p ressure side power— supply terminals 
VB1, VB3, VB5; ? upper— arms-driving reference power- supply terminals VS1, VS3, 

15 VS5; ? upper— arm switchings-element driving— signal output terminals HOI, H03, HOS; T 
the lower— arm— driving high- voltage pr e ssur e sid e power— supply terminal VCC; 7 the 
lower— arm z -driving reference power- supply terminal COM; ? and lower— arm switchings 
element driving-signal output terminals L02, L04, L06. 

[0043] The D e coupling cond e ns e rs CK C3, C5 ar e connected b e tw ee n each terminal of 
2 0 the upper— arms-driving high- voltage p r e ssur e sid e power— supply terminals VB1 , VB3, 
VB5 are connected to and e ach t e rminal of the upper— arms-driving reference power- 
supply terminals VS1, VS3, VS5 via , r e sp e ctiv e ly. Th e decoupling capacitors CL C3, 
C5, respectively. Moreover x ond e ns e r C2 is conn e cted b e tw e en the lower-arm--driving 
high- voltage p r e ssur e sid e power-supply terminal VCC is connected to and-the lowers 

2 5 arms-driving reference power- supply terminal COM via a decoupling capacitor C2. 

[0044] The upper-arm switching-element driving-signal output terminal HOI is 
connected to the upper-arm switching element Tl via a gate resistor Rl . The upper-arm 
switching-element driving-signal output terminal HQ3 is connected to the upper-arm 
switching element T3 via a gate resistor R3. The upper-arm switching-element driving- 

3 0 signal output terminal HQ5 is connected to the upper-arm switching element T5 via a 

gate resistor R5. Moreover, the upper-arm-driving reference power- supply terminal 
VS1 is directly connected to the emitter of the upper-arm switching element Tl, the 
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upper-arm-driving reference power-supply terminal VS3 is directly connected to the 
emitter of the upper-arm switching element T3, and the upper-arm-driving reference 
power-supply terminal VS5 is directly connected to the emitter of the upper-arm 
switching element T5. Furthermore, the lower-arm switching-element driving-signal 
5 output terminals LQ2 is connected to the gate of the lower-arm switching element T2 
via a gate resistor R2. The lower-arm switching-element driving-signal output 
terminals LQ4 is connected to the gate of the lower-arm switching element T4 via a gate 
resistor R4. The lower-arm switching-element driving-signal output terminals LQ6 is 
connected to the gate of the lower-arm switching element T6 via a gate resistor R6. 
10 Moreover, the lower-arm-driving reference power-supply terminal COM is directly 
connected to the emitters of the lower-arm switching elements T2, T4, T6. 
[0045] The lower-arm-driving reference power-supply terminal COM is connected to 
the upper-arm-driving high-voltage power-supply terminals VB1, VB3, VB5 via clamp 
diodes D11,D12, D13, respectively. Specifically, the anodes of the clamp diodes Dl L» 
15 D12, D13 are connected to the lower-arm-driving reference power-supply terminal 
COM. Thus, in the inverter device according to the second embodiment, the clamp 
diodes D11,D12, D13 function as a clamping unit that clamps a potential difference 
between the lower-arm-driving reference power-supply terminal COM and each of the 
upper-arm-driving high-voltage power-supply terminals VB1, VB3, VB5 to a certain 
voltage. T 

[0011] In b e tw ee n th e inv e rt e r circuit 3a and th e high compr e ssion IC 10a, e ach 
terminal of the upper arm switching elem e nt driving signal output terminals HOI, H03, 
H05 and e ach gat e of th e upp e r arm switching e l e ments Tl, T3, T5 are connected by 
gat e r e sistors Rl, R3, R5, r e sp e ctiv e ly. Each t e rminal of th e upper arm driving 
r e f e r e nc e supply t e rminals VS1, VS3, VS5 is dir e ctly conn e ct e d to e ach e mitt e r of th e 
upp e r arm switching e lem e nts Tl, r e sp e ctiv e ly. Similarly, e ach t e rminal of th e low e r 
arm switching e l e ment driving signal output terminals LOl, H03, H05 and e ach gat e of 
th e lower arm switching el e ments T2, T1, T6 ar e conn e cted by gat e r e sistors R2, R1, R6, 
r e sp e ctively. The low e r arm driving r e fer e nc e supply terminal COM is dir e ctly 
connect e d to e ach e mitter of the low e r arm switching elements T2. 
[0045] Th e inv e rt e r d e vic e according to th e s e cond e mbodiment includes clamp diodes 
D11,D12, D13as clamping arrang e m e nt for clamping a diff e r e nc e in pot e ntial between 
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the low e r arm driving r e f e r e nc e supply t e rminal COM and e ach terminal of th e upp e r 
arm driving high pre s sure sid e pow e r supply terminals VB1, VB3, VB5 to a 
predetermined voltag e . Each anod e of th e clamp diod e s Dl 1, D12, D13 is conn e ct e d to 
the low e r arm driving refer e nc e s upply terminal COM, and e ach cathod e of th e clamp 
5 diod e s D11,D12, D13 is connected to each t e rminal of the upper arm driving high 
pressur e sid e pow e r supply t e rminals VB1, VB3, VB5, r e sp e ctiv e ly. 
[0016] Thus, in the inverter device according to the s e cond e mbodim e nt, similarly to 
th e first e mbodim e nt, a large portion of through curr e nt flowing toward the insid e of th e 
high compression IC 10a can b e drawn to th e sid e of th e clamp diod e s Dl 1, D12, D13, 
10 so that th e through current that flows toward the high compression IC 10 can bo reduced, 
and malfunction caus e d by latch up can be prev e nted. 

[0017] Furthermor e , in the inverter d e vice according to the second e mbodim e nt, e ach 
cathode of th e clamp diod e s D11,D12, D13 is conn e ct e d to each t e rminal of th e upp e r 
arm driving high pressure side pow e r supply terminals VB1, VB3, VB5, respectively. 
15 Th e r e for e , curr e nt flowing through th e clamp diodes Dl 1, D12, D13 can b e r e duc e d 

compar e d to curr e nt flowing through the clamp diod e disclos e d in Pat e nt Docum e nts 1 , 
2. Accordingly, a diod e of a small e r curr e nt rating compar e d to th e clamp diod e 
disclos e d in Pat e nt Documents 1, 2 can bo employed in the second embodiment. 
[0018] As d e scrib e d abov e , the inv e rt e r d e vic e according to th e s e cond e mbodim e nt, 

2 0 e ach clamp diod e conn e ct e d b e tw ee n e ach t e rminal of th e l o w e r a r m driv i ng r e f e r e nc e 

supply terminal of the high compr es sion IC and each terminal of the upper arm driving 
high pr e ssur e sid e power supply t e rminal of th e high compression IC, r e sp e ctively, 
clamps e ach difference in pot e ntial b e tw ee n th e lower arm driving r e f e r e nce supply 
t e rminal and e ach t e rminal of th e upp e r arm driving high - pr e ssur e side pow e r supply 
25 terminal. Therefore, destruction and malfunction of th e high compr e ssion IC is 
prev e nt e d, and increas e s in circuit scal e and cost is suppress e d. 
[0019] In the s e cond e mbodiment, e ach clamp diod e is attach e d on the outside of th e 
high compression IC, but th e clamp diode can be attach e d on th e insid e of the high 
compr e ssion IC. How e v e r, it is advantageous to attach th e clamp diod e on th e outsid e 

3 0 of th e high compr e ssion IC, b e caus e it is not n e c e ssary to chang e th e d e sign of th e high 

compression IC, and the present invention can b e appli e d to an inv e rt e r d e vic e 
employing an existing high compression IC. 
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[0050] Furthermore, in the socond embodiment, a diode is usod as the clamping 
arrang e m e nt for clamping e ach diff e r e nc e in potential b e twe e n th e low e r arm driving 
r e f e r e nc e supply t e rminal and e ach t e rminal of the upp e r arm driving high pr e ssur e side 
power supply terminal, how e v e r, th e clamping arrang e m e nt is not limited to the diode, 
5 Any e lement that turns on at a c e rtain voltage and outputs a substantially constant 
voltag e can b e us e d, such as a zener diode or a PN junction of a bipolar transistor. 
[0051]Third Embodim e nt 

[0046] Thus, in the inverter device according to the second embodiment, in the same 
manner as the first embodiment, a substantial portion of the through current that would 
10 normally flow into the high- withstand- voltage IC 10a can be drawn to the clamp diodes 
Dl 1, D12, D13. Accordingly, the through current that flows into the high-withstand- 
voltage IC 10a can be reduced, and malfunction due to the latch-up phenomenon can be 
prevented from occurring. 

[0047] In the inverter device according to the second embodiment, cathodes of the 
15 clamp diodes D11,D12, D13 are connected to the upper-arm-driving high-voltage 

power-supply terminals VB1, VB3, VB5, respectively. Therefore, the current flowing 
through the clamp diodes D11,D12, D13 can be reduced compared to the Fig. 5 is a 
schematic for e xplaining an inv e rt e r d e vic e according to a third e mbodim e nt of th e 
present inv e ntion. The invert e r device according to the socond embodim e nt includ e s 
2 0 ind e p e nd e nt pow e r suppli e s for individually driving e ach switching e lem e nt in the 

upp e r arm unit, and a common power supply for driving e ach switching e l e m e nt in the 
low e r arm unit, wher e as in th e inv e rter d e vic e according to th e third e mbodiment, each 
switching el e m e nt in th e upp e r and low e r arm units ar e driv e n by a common pow e r 
supply. Therefore, a connection configuration of the clamp diod e s is different from that 

2 5 of th e s e cond e mbodiment. Th e components in th e third embodim e nt that p e rform same 

or similar function or that hav e sam e or similar configuration as those in the second 
embodiment ar e d e noted by the sam e r e f e r e nc e num e rals as in th e first e mbodim e nt, and 
overlapping d e scriptions are omitt e d. 

[0052] The inv e rt e r d e vic e according to th e third e mbodim e nt shown in Fig. 5 includ e s 

3 0 a first clamp diod e D10 and s e cond clamp diodes D21, D22, D23 as clamping 

arrang e m e nt for clamping a diff e renc e in pot e ntial b e tw ee n th e lower arm driving 
reference supply terminal COM and each t e rminal of th e upp e r arm driving high - 



pressure sido powor supply t e rminals VB1, VB3, VB5 to a pr e d e t e rmin e d voltag e . An 
anod e of th e first clamp diod e D10 is conn e ct e d to th e low e r arm driving r e f e r e nc e 
supply terminal COM, and a cathod e of the first clamp diode D10 is connected to the 
low e r arm driving high pr e ssur e side pow e r supply t e rminal VCC. Each anod e of th e 
5 s e cond clamp diod e s D21, D22, D23 is connect e d to the low e r arm driving high 

pressur e sido powor supply terminal VCC, and e ach cathod e of th e second clamp diodes 
D21, D22, D23 is conn e ct e d to each t e rminal of th e upp e r arm driving high pr e ssur e 
sid e pow e r supply t e rminals VB1, VB3, VB5, r e sp e ctiv e ly. 

[0053] Thus, in the inverter devic e according to tho third embodiment, similarly to tho 
10 inv e rt e r d e vic e s according to th e first and second e mbodiments, a larg e portion of 

through curr e nt flowing toward th e insid e of th e high compression IC 10a can b e drawn 
to the sid e of th e first clamp diod e D10 and th e s e cond clamp diodes Dl 1, D12, D13, so 
that the through curr e nt that flows toward th e insid e th e high compr e ssion IC 10 can be 
reduced, and malfunction caus e d by latch up can b e pr e v e nt e d. 
15 [005 4 ] Furth e rmor e , in th e invert e r d e vic e according to th e third e mbodim e nt, e ach 

cathod e of th e s e cond clamp diodes D21, D22, D23 is conn e ct e d to e ach terminal of th e 
upp e r arm driving high pr e s s ure side pow e r supply t e rminals VB1, VB3, VB5, 
r e sp e ctiv e ly. Th e r e fore, curr e nt flowing through the s e cond clamp diodes D21, D22, 
D23 can be reduced compar e d to current flowing through the clamp diode , for example, 

2 0 disclosed in Patent Documents 1 and - 2. Hence Th e refor e, a diode of a smaller current 

rating compared to the clamp diode disclosed in Patent Documents 1 and -2 can be 
selected for the clamp diodes D1LD12, D13. 
[0048 e mplov e d in th e third e mbodim e nt. 

[0055 ] As described above, in the inverter device according to the second thifd 
2 5 embodiment, the first clamp diode s Dll, D12, D13 are connected between the lower z 
arm z -driving reference power- supply terminal COM and each of the upper- of th e high 
compression IC and th e low e r arnwiriving high- voltage pressur e sid e power— supply 
terminal VBL VB2, VB3 of the high - withstand- voltage IC 10a. Each of the diodes Dl L 
D12, D13 clamps potential differences compression IC, and th e s e cond clamp diod e s 

3 0 connected between the 1 o wer z -arm--dri vi n g reference high pr e ssur e side power—supply 

terminal COM of th e high compr e ssion IC and e ach t e rminal of the upper z -arm z -driving 
high- voltage p ressure sid e power—supply terminals VB1, VB2, VB3. of th e high 
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compression IC clamp each diff e r e nce in pot e ntial b e twe e n th e low e r arm drivin g 
r e f e renc e supply t e rminal and each t e rminal of th e upp e r arm driving high pr e ssur e sid e 
power supply t e rminals. Therefore, breakdown d e struction and malfunction of the high- 
withstand- voltage IC 1 0a can be compr e ssion IC is prevented without increasing the - 
5 and increases in circuit scale oraftd cost 
[0049 is suppress e d. 

[0056 ] In the secondthird embodiment, e ach clamp diod e is attach e d on the clamp 
diodes D11,D12, D13 are shown outside of the high -withstand-voltage compr e ssion IC 
10a; however, r-but the clamp diode diodes Dl 1, D12, D13 can be provided attached on 

10 the-inside of the high -withstand-voltage compression IC 10a- However, it is 

advantageous to provide attaeh the clamp diodes Dl 1, D12, D13 diode on th e outside of 
the high -withstand-voltage IC 10a; compression IC, because , in that case it is not 
necessary to change the design of the high -withstand-voltage IC, i.e., the second 
embodiment compression IC, and th e pres e nt inv e ntion can be applied to an inverter 

1 5 device employing an existing high -withstand-voltage IC. 
[0050 compr e ssion IC. 

[0057 ] Furthermore, in the secondt hifd embodiment, a diode is used as the clamping 
means; however, the clamping means is not limited to a diode. Any element that turns 
on at a voltage higher than a certain value and that can output an approximately constant 
2 0 voltage can be used as the clamping means. As the clamping means, for example, a PN 
junction of a Zener diode or a PN junction of a bipolar transistor can be used. 
r00511 Third Embodiment 

Fig. 5 is a schematic for explaining an inverter device according to a third 

embodiment of the present invention. The inverter device according to the second 

2 5 embodiment employs individual power supplies for individually driving the switching 

elements of the upper arm units, and employs a common power supply for commonly 
driving the switching elements of the lower arm units. On the other hand, the inverter 
device according to the third embodiment employs a common power supply for driving 
the switching element of both the upper and lower arm units. Therefore, a connection 

3 0 configuration of the clamp diodes in the inverter device according to the third 

embodiment is different from that in the second embodiment. The other components 
are same or equivalent to those in the second embodiment and they have been denoted 
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by the same reference numerals as in the second embodiment, and their description has 
been omitted. 

[0052] The inverter device according to the third embodiment includes, as a clamping 
means, a first clamp diode DIP and three second clamp diodes D21, D22, D23. The 
5 anode of the first clamp diode DIP is connected to the lower-arm-driving reference 
power-supply terminal COM, and the cathode is connected to the lower-arm-driving 
high-voltage power-supply terminal VCC. The anodes of the second clamp diodes D21, 
D22, D23 are connected to the lower-arm-driving high-voltage power-supply terminal 
VCC, and the cathodes are connected to the upper-arm-driving high-voltage power- 
10 supply terminals VB1, VB3, VB5, respectively. The clamping means clamps the 

potential differences between the lower-arm-driving reference power-supply terminal 
COM and each of the upper-arm-driving high- voltage power-supply terminals VB1, 
VB3, VB5 to a certain voltage. 

[PP53] Thus, in the inverter device according to the third embodiment, in the same 
15 manner as the first and second embodiments, a substantial portion of the through current 
that would normally flow into the high- withstand- voltage IC 1 Pa can be drawn to the 
first clamp diode DIP and the second clamp diodes D21, D22, D23. Accordingly, the 
through current that flows into the high- withstand- voltage IC lPa can be reduced, and 
malfunction due to the latch-up phenomenon can be prevented from occurring. 
2 0 [PP54] In the inverter device according to the third embodiment, the cathodes of the 
second clamp diodes D21, D22, D23 are connected to the upper-arm-driving high- 
voltage power-supply terminals VB1, VB3, VB5, respectively. Therefore, the current 
flowing through the second clamp diodes D21, D22, D23 can be reduced compared to 
the current flowing through the clamp diode disclosed, for example, in Patent 

2 5 Documents 1 and 2. Hence, a diode of a smaller current rating compared to the clamp 

diode disclosed in Patent Documents 1 and 2 can be selected arrangem e nt for the clamp 
diodes D21,D22, D23. 

[PP55] As described above, clamping each difference in the inverter device according to 
the third embodiment, the first clamp diode DIP is connected p ot e ntial between the 

3 0 lower—arm^-driving reference power- supply terminal COM and e ach t e rminal of the 

lower upp e r arm -driving high-voltage power-supply terminal VCC of the high- 
withstand- voltage IC lPa, and the second clamp diodes D21, D22, D23 are connected 
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between the lower-arm- driving high- voltage power- supply terminal COM and the 
upper-arm-driving high- voltage power-supply terminals VB1, VB3, VB5, respectively. 
The second clamp diodes D21, D22, D23 clamp potential differences between the 
lower-arm-driving reference power-supply terminal COM and the upper-arm-driving 
5 high-voltage power- p r e ssur e sid e pow e r supply terminal s VB1, VB2, VB3, respectively. 
Therefore, breakdown and malfunction of the high-withstand- voltage IC 10a can be 
prevented without increasing the circuit scale or cost. 

r00561 In the third embodiment, the clamp diodes DIP, D21, D22, D23 are shown 
outside of the high-withstand- voltage IC 10a; however, the clamp diode diodes DIP, 

10 D21, D22, D23 can be provided inside of the high-withstand- voltage IC 10a. However, 
it is advantageous to provide the clamp diodes DIP, D21, D22, D23 outside of the high- 
withstand-voltage IC lPa; because, in that case it is not necessary to change the design 
of the high- withstand- voltage IC, i.e., the third embodiment can be applied to an 
inverter device employing an existing high-withstand-voltage IC. 

15 [PP57] Furthermore, in the third embodiment a diode is used as the clamping means^ 
however, the clamping means arrang e m e nt is not limited to athe diode. Any element 
that turns on at a certain voltage higher than a certain value and that can output an 
approximately outputs a substantially constant voltage can be used , such as the clamping 
means. As the clamping means, for example, a PN junction of a Zenere ener diode or a 

2 0 PN junction of a bipolar transistor can be used. T 

INDUSTRIAL APPLICABILITY 

[PP58] As described above, thean inverter device according to the present invention can 
be widely applied to an inverter device including, for example, a single-phase inverter 
2 5 circuit or a three-phase inverter circui t. Moreover, the , and is particularly suitabl e as an 
inverter device according sp e cifically requir e d to the present invention is particularly 
suitable for an inverter device that requires prevention o fp r e v e nt malfunction and 
voltage breakdown compression d e struction of a hig h-withstand-voltage compr e ssion IC. 



ABSTRACT 

In an inv e rt e r d e vic e , d e struction and malfunction (latch up) of a high 

compression IC is prevent e d. 

An inverter device includes an inverter circuit , an inverter driving unit, and a 
clamp diode. The inverte r (3) including a bridge circuit includes (6) conn e ct e d b e tw ee n 
a positiv e e l e ctrod e and a n e gativ e e l e ctrod e of a dir e ct current pow e r supply (7), th e 
bridg e circuit including an upper arm unit (4)-and a lower arm unit (#)-connected in 
series . The , wherein the upper arm unit and the lower arm unit include includes a 
upp e r arm switching elements that drive a load. The inverter driving unit e lem e nt (TO 
and a diod e (Dl) conn e ct e d back to back to e ach oth e r, and th e low e r arm unit includes 
a high-withstand-voltage IC that drives the low e r arm switching elements of the upper 
arm unit and the lower arm unit. The e l e m e nt (T2) and a diode (D2) conn e ct e d back to - 
back to e ach oth e r; an inv e rt e r driving unit (2) including a high -withstand-voltage 
compr e ssion IC has a first terminal for supplying a reference voltage to (10) that driv e s 
th e upper arm switching e l e m e nt and the lower arm unit and a second terminal for 
supplying a high- voltage to the upper arm unit. The clamp diode switching e l e m e nt; 
and a clamp unit (D10) that clamps a potential difference in pot e ntial between a low e r 
arm driving r e ference supply terminal of th e high compr e ssion IC and an upper arm 
driving high pr e ssur e sid e pow e r supply t e rminal of the first terminal and the second 
terminal. high compr e ssion IC. 



